BACKGROUND: Tc-99m methylene diphosphonate [MDP] bone scan is the basis of the skeletal imaging in nuclear medicine being a highly sensitive tool for detecting bone diseases. Mechanical stimulation induced by low grade exercise or whole-body
Background
Bone scintigraphy [BS] is one of the most frequently performed radionuclide procedures. Despite its low specificity, its excellent sensitivity makes it useful in screening and diagnosing some conditions not clearly detected by radiology. Therefore, it remains popular despite advances in magnetic resonance imaging, computed tomography, and positron emission tomography [1] . 50% of Tc-99m Methylene diphosphonates [Tc-99m MDP] accumulates in bone by 2-6 hours being adsorbed to the osseous mineral phase with relatively little binding to the organic phase. Radiotracer uptake depends primarily on blood flow and rate of new bone formation [2] .
In addition to the event of illness, there are other known factors that could interfere with biokinetics of the radiopharmaceuticals [3, 4] . This could lead to several undesirable consequences, as a misdiagnosis and/or the repetition of the examinations with exposure of the patient and staff to radiation overload [4] . Drug interaction with radiopharmaceuticals, radiation therapy, surgical procedures, chemoperfusion, immunotherapy, blood transfusion and renal dialysis are some medical procedures that could induce alterations in biokinetics of radiopharmaceutical and the quality of the nuclear medicine investigation [5] [6] [7] [8] .
Exercise induced alterations in uptake of a radiopharmaceutical in a target was well established in myocardial SPECT imaging [9, 10] , and acute swimming exercise was capable of altering bioavailability of Tc-99m MDP in some organs of rats [11] . To our knowledge, using the information obtained in the PubMed [MEDLINE till 2014] , no previous studies have evaluated the effect of exercise on osseous uptake of 99mTc-MDP and quality of images in humans. Also, effect of exercise on bone scan imaging is not described in the guidelines [12, 13] . We aimed to evaluate the influence of low grade exercise on the image quality of BS using Tc-99m MDP.
Material and methods
The study was approved by the local ethics committee of Cairo University scientific review board and informed consent was obtained from all volunteers according to the Declaration of Helsinki; General Assembly, October 
Results

Study population
Comparison between both groups
No significant statistical difference was found between the means of timed imaging [169 ± 28 minutes and 164 ± 26 minutes in G1 and G2 respectively; p = 0.6. B:ST ratio was performed in both groups and their statistical values are shown in Table 2 
There was statistically significant difference between the means of B:ST ratio [p < 0.001] in G1 and G2 (Table 2) .
Discussion
This prospective study was carried out on 92 volunteers to evaluate the effect of low grade exercise on image quality of skeletal scintigraphy using Tc-99m MDP. It showed that low grade exercise could induce increase in Tc-99m MDP osseous uptake providing a higher image quality. As far as we know no previous prospective studies have assessed such aspect in humans.
Tc-99m MDP is used in clinical situations to identify osseous changes based on the strong affinity of hydroxyapatite crystals in mineral phase of the bone to the diphosphonate compounds. Also, Tc-99m MDP allow quantitative measurements in bone that could reflect blood flow and osteoblastic activity [10, 15, 16] .
There is a raised question about effect of exercise on the quality of BS. It was shown that whole body vibration-induced exercises could improve bone mineral density in postmenopausal women [17] . Also, exercises in oscillating platforms inducing whole body vibration (WBV) can improve strength of leg muscle, bone mineral density, and body balancing ability [18] [19] [20] [21] . Moreover repeated muscle contractions might exert endocrine and/or metabolic effects with subsequent increase in MDP uptake [22, 23] .
Souza et al. [11] evaluated the effects of exercise on the biodistribution of Tc-99m MDP in rates. Exercised group (EG) was adapted Original to water for 2 weeks then submitted to exercise [acute swimming] after injection of Tc-99m MDP. After 3 hours rates were sacrificed then blood and organs were analyzed and radioactivity was calculated as percentage/gram of tissue of injected dose (%ID/g). They showed a significant decrease of %ID/g in the hearts and lungs of EG compared to the control group with subsequent increase in osseous uptake of Tc-99m MDP. They concluded that exercise could induce specific metabolic modifications in certain organs, which are relevant to osseous uptake of Tc-99m MDP.
On the contrary, Pereira et al. [23] showed significant decrease (p < 0.05) in osseous uptake of the Tc-99m MDP in the bones but no significant alterations in its uptake in soft tissues and muscles following vibration induced exercise in rats compared to unexercised rates. We believe this was attributed to the very small sample size [4 exercised and 5 controls] and the early scarifying of rates [5 minutes after exercise] that led to insufficient time to show the effect of exercise on osseous uptake of Tc-99m MDP.
Judex et al. [24] reported that after 10 min of vibration-induced exercise in 3-month-old mice bone volume to total volume (BV/TV) was increased [≤ 85%] in the vibrated animal models compared to controls. Moreover, Rubin et al. [25] stated that using low-magnitude vibration or low grade exercises seem to counteract bone loss from the spine and perhaps from hips in post-menopausal women.
Other reports [26] [27] [28] suggested that low grade exercises or vibrations may augment skeletal mass through direct or central modulation of tissue perfusion. Besides, understanding of the physiological responses of the endocrine system to acute and chronic exercise-vibratory protocols may be interesting to understand the mechanisms involved in enhanced bone remodeling and its effect on increasing localization of bone imaging radiopharmaceuticals as Tc-99m MDP or [ 18 F]-sodium fluoride [23] . Alterations in local blood flow and metabolism of organs could lead to modifications of radiopharmaceuticals' uptake [4, [29] [30] [31] . Other possible explanations may be that exercise results in an increase in resting metabolic rate and cardiac output [32] . Increase blood flow and vascular permeability after exercise, which in turn increase extraction efficiency, are felt to be also responsible for prompt and further Tc-99m MDP accumulation [32] . Besides; it is known that the kidney is the excretory route of MDP and peak of renal activity is reached after approximately 20 minutes. Within 1 hour and 6 hours [with normal renal function] > 30% and > 60% of the unbound complex will undergone glomerular filtration respectively [33] . So, increased renal blood flow following low grade exercise might result in increased excretion of the radiotracer from soft tissues and higher bone to soft tissue ratios [34, 35] as the case in our study.
Finally, though our results were compared with animal studies, but raises low grade exercise after MDP administration as potentially useful technical process which leads to better image quality.
Conclusion
This study suggested low grade exercise after administration could induce increased osseous uptake of Tc-99m MDP providing a better image quality as proved by quantitative evaluation [B:ST ratios] in normal volunteers.
